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(54) Organic electroluminescent light emitting device 



(57) An organic EL light emitting device with some 
contrast improvement is provided at low cost yet with no 
provision of an anti reflect ion coating film. The device 
comprises a transparent substrate, and an anode, a light 



emitting layer and a cathode formed thereon in the de- 
scribed order The anode contains indium oxide doped 
with tin and/or zinc, and iron in such a way as to have a 
light transmittance of 30 to 70% in a light emitting wave- 
length range. 
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Description 

The present invention relates generally to an organ- 
ic electroluminescent light emitting device (which will 
hereinafter be often called an organic EL device for s 
short), and more particularly to an anode for supplying 
positive holes to a light emitting layer. 

In recent years, organic EL light emitting devices 
have been under intensive investigation. Referring to 
Fig. 3, there is illustrated one typical organic EL light 10 
emitting device. Basically, the device includes a glass 
substrate 21 and a transparent electrode or anode 22' 
of tin-doped indium oxide (ITO) or the like formed on the 
substrate 21 . A thin film 23 serving as a hole transporting 
layer is formed on the anode 22* by evaporating a hole is 
transporting material such as tetraphenyldiamine 
(TPD). A light emitting layer 24 of a fluorescent material 
such as an aluminum quinolinol complex (Alq 3 ) is de- 
posited on the layer 23. An electrode or cathode 25 is 
formed thereon from a metal having a low work function 20 
such as magnesium. Such organic EL devices attract 
attentions because they can achieve a very high lumi- 
nance ranging from 100 to 1 ,000 cd/m 2 with a drive volt- 
age ot approximately 10 volts. 

A material capable of injecting more electrons into 25 
the light emitting layer is believed to be effective for the 
material used for a cathode of such an organic EL de- 
vice. In other words, the lower the work function of a 
certain material, the more suitable is the material for the 
cathode. Various materials having a low work function 30 
are now available. Materials usable for the cathode of 
EL light emitting devices, for instance, include alloys 
such as MgAg, Mgln, etc., as disclosed in JP-A 
4-233194, and combinations of an alkali metal and a 
metal having a high work function such as AICa, AlLi, 35 
etc. 

When an organic EL device has such structure as 
shown in Fig. 3, light emission is taken out of the anode 
22' side because the cathode 25 side is opaque to light. 
In this regard, it is noted that the cathode 25 reflects light *o 
because of being formed of a metal, etc., as mentioned 
above. Consequently, a part of light coming from the 
light emitting layer, upon reflection at the cathode 25, 
leaves the anode 22' side in the form of a part of emer- 
gent light, thereby making a contribution to some lumi- 
nance improvement. 

The light reflected at the cathode 25, on the other 
hand, is so scattered that it leaves the anode 22' side at 
an angle of emergence different from that of another part 
of the light coming from the light emitting layer 24. When 50 
the organic EL device is used as a display or the like, 
the scattered light is diverted to a non-light emitting re- 
gion or a light blocking region, resulting a contrast re- 
duction. Especially when the device is used in a brightly 
illuminated environment or in the sunlight, extraneous 55 
sunlight or other intense light is converted at the device 
into reflected light, which causes a contrast reduction 
and, in turn, makes it very difficult to look at the display 



screen. 

According to one possible approach to achieving 
contrast improvements, an anti reflection coating film is 
provided on a side of a substrate on which no organic 
EL device is formed, thereby preventing contrast reduc- 
tions. However, the addition of such an extra antireflec- 
tion coating film leads to increases in the number of pro- 
duction steps and parts and, hence, increases in the 
cost of the organic EL device. 

The present invention provides: 

(1) An organic EL light emitting device comprising 
a transparent substrate, and an anode, a light emit- 
ting layer and a cathode formed thereon in the de- 
scribed order, said anode having a light transmit- 
tance of 30 to 70% in a light emitting wavelength 
range. Preferably the present invention also pro- 
vides: 

(2) The organic EL light emitting device of (1), 
wherein said anode contains an indium oxide doped 
with tin and/or zinc, and iron. 

(3) The organic EL light emitting device of (1), 
wherein said anode contains an indium oxide doped 
with an oxygen depletion type tin and/or zinc. 

(4) The organic EL light emitting device of any one 
of (1 ) to (3), which further comprises a transparent 
electrode between said anode and said substrate. 

The present invention in a preferred embodiment 
advantageously provides an inexpensive organic EL 
light emitting device which prevents contrast reductions 
without provision of any extra anti-reflection coating film. 

The above and other features and advantages of 
the present invention will be better understood from the 
following description in conjunction with the accompa- 
nying drawings, in which: 

Figure 1 is a schematic view of one embodiment of 
the organic EL device according to the present inven- 
tion. 

Figure 2 is a schematic view of another embodiment 
of the organic EL device according to the present inven- 
tion. 

Figure 3 is a schematic view of one construction of 
a conventional organic EL device. 

Some preferred embodiments of the present inven- 
tion will now be explained more specifically. 

In the organic EL light emitting device of the present 
invention, an anode, a light emitting layer and a cathode 
are formed on a transparent substrate in the described 
order, with the anode having a light transmittance of 30 
to 70% in a light emitting wavelength region. 

A semitransparent anode is composed mainly of 
transparent materials such as tin-doped indium oxide 
(ITO), zinc-doped indium oxide (IZO), and tin.zinc- 
doped indium oxide (ITZO). In the practice of the present 
invention, particular preference is given to ITO or IZO, 
of which ITO is most preferred because it has a high 
affinity for a dopant or coloring component and its light 
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transmittance is readily adjustable. The semitranspar- 
ent anode has a light transmittance lying in the range of 
30 to 70%, and preferably 40 to 60%. A semitransparent 
anode having a light transmittance exceeding 70% is in- 
effective for preventing contrast reductions. A semi- 
transparent anode having a light transmittance of less 
than 30% cannot provide a light emitting device having 
the required luminance because the light emitted from 
an emitting layer is susceptible to attenuation. By the 
term "light transmittance" used herein is intended the 
ratio between incident light and emergent light in a 
wavelength range of at least 1 00 nm inclusive of the light 
emitting wavelength region, and particularly at a wave- 
length range of 400 to 700 nm; by the term "luminance" 
is usually intended a luminance measured as by a lumi- 
nancemeter made by Topcon Co., Ltd., and by the term 
"contrast" is intended the luminance ratio between a 
light emitting portion and a non-light emitting portion, as 
determined by such a luminancemeter. 

By allowing the light transmittance to be in the afore- 
said range, it is not necessary to provide a black film 
called a black matrix to make the color of the color filter 
less visible. 

For the semitransparent anode, it is preferable to 
use (1 ) one of the aforesaid transparent materials doped 
with a coloring component, and (2) an oxygen-depletion 
material obtained by ridding one of the aforesaid trans- 
parent materials of oxygen. 

(1 ) The coloring component to be doped on the sub- 
strate is iron or Fe. The iron oxide formed after doping 
may be either FeO or Fe20 3 . To obtain a semitranspar- 
ent anode having a light transmittance lying in the afore- 
said range, it is preferable that, for instance, the trans- 
parent ITO or IZO material contains FeO or F^C^ in an 
amount of 1 to 15% by weight calculated as Fe. Of these 
materials, the transparent ITO material contains ln 2 O a 
and Sn0 2 usually in a stoichiometric composition al- 
though the amount of oxygen may deviate more or less 
from stoichiometry. When ITO is represented by In- 
O x -SnC>Y, it is desired that X be in the range of 1.0 to 
2.0 and Y be in the range of 1 .5 to 2.5. In another par- 
lance, the mixing ratio of Sn0 2 with respect to ln 2 0 3 is 
preferably 1 to 20 wt%, and more preferably 5 to 1 2 wt%. 
IZO contains ln 2 0 3 and ZnO usually in a stoichiometric 
composition although the amount of oxygen may devi- 
ate slightly from stoichiometry. When IZO has a formula 
lnO r ZnO v , it is desired that Z be in the range of 1 .0 to 
2.0 and V be in the range of 0.8 to 1 .2. In another par- 
lance, the mixing ratio of ZnO with respect to ln 2 0 3 is in 
the range of preferably 1 2 to 32 wt%. It is acceptable 
that ITO, and IZO may contain other elements such as 
Sn, Ti, and Pb in an oxide form and in an amount of less 
than 1 mol% calculated as oxides. Of course, use may 
also be made of a mixture of ITO and IZO at any desired 
proportion. 

(2) When the oxygen-depletion type transparent 
material is usedtoform a semitransparent anode having 
a light transmittance in the aforesaid range, it is prefer- 



able that a transparent ITO or IZO material has a tin/ 
indium or zinc/ indium ratio of 0.5 to 2, and that ITO or 
IZO is doped with a 1 to 20% by weight excess of at 
least one of In, Sn, and Zn. 

5 Such a semitransparent anode may have at least a 
thickness large enough to achieve sufficient charge in- 
jection, preferably in the range of 50 to 500 nm, and 
more preferably in the range of 50 to 300 nm. Although 
there is no upper limit to anode thickness, too thick an 

10 anode has the risk of delamination. Too thin an anode, 
on the other hand, offers problems in connection with 
film strength during manufacture, and the ability to trans- 
port electrons. 

This semitransparent anode layer is preferably 

is formed by a sputtering technique although it may be 
formed by evaporation, etc. 

For the semitransparent anode, especially the oxy- 
gen-depletion type semitransparent anode, it is accept- 
able that a transparent electrode layer is formed on a 

20 side thereof that is not opposite to the light emitting lay- 
er. 

Such a transparent electrode may be made up of 
any one of the aforesaid transparent materials such as 
ITO, IZO, etc. This transparent electrode may have at 

25 least a thickness large enough to achieve sufficient 
charge injection, preferably in the range of 50 to 500 nm, 
and more preferably in the range of 50 to 300 nm. Al- 
though there is no upper limit to electrode thickness, too 
thick an electrode has the risk of delamination. Too thin 

30 an electrode, on the other hand, offers problems in con- 
nection with film strength during manufacture, and the 
ability to transport electrons. Although this transparent 
electrode may be formed as by evaporation, it is prefer- 
able to make use of a sputtering technique which ena- 

35 bles the transparent electrode to be formed subsequent- 
ly to the formation of the semitransparent anode, etc. It 
is noted that such a multilayer type anode, too, has a 
light transmittance lying in the range of 30 to 70%. 
The multilayer type anode made up of the semi- 

40 transparent anode and transparent electrode layers has 
a total thickness of at least 50 nm, and preferably at least 
1 00 nm. The upper limit to the total thickness, albeit be- 
ing not critical to the practice of the present invention, 
may be up to 1 ,000 |im, and preferably up to 100 u.m. 

45 When the semitransparent anode and transparent 
electrode are formed by sputtering, it is preferable to 
make use of DC sputtering or RF sputtering employing 
a target comprising ln 2 O a doped with SnO or ZnO, and 
optionally with Fe. A cathode formed by sputtering is 

50 lesser susceptible to a luminance change with time than 
that formed by evaporation. At this time, a power lying 
in the range of 0.1 to 4 W/cm 2 is preferably supplied. 

While the sputtering gas is not critical to the practice 
of the present invention, it is preferable to use inert gas- 

55 es such as Ar, He, Ne, Kr, and Xe or mixtures thereof. 
During sputtering, the sputtering gas may usually have 
a pressure of about 0.1 to 20 Pa. 

To dope the transparent electrode with iron oxide, 
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ITO or IZO having Fe, FeO, Fe 2 0 3 , etc. incorporated 
therein is used as the target. The proportion of the do- 
pants to be incorporated is preferably 0.3 to 30% by 
weight for Fe, and 0.3 to 30% by weight for FeO. 

First, and second embodiments of the organic EL 
device according to the present invention are shown in 
Figs. 1 , and 2, respectively. The EL device depicted in 
Fig. 1 comprises an anode 22 functioning as the semi- 
transparent anode, a hole injecting and transporting lay- 
er 23, a light emitting and electron injecting/transporting 
layer 24 and a cathode 25 formed on a substrate 21 in 
the described order. In the organic EL device depicted 
in Fig. 2, an anode 22 is made up of a semitransparent 
anode 22a and a transparent electrode 22b. 

The EL device of the present invention is not limited 
to the illustrated embodiments, and so may have various 
other architectures. For instance, an electron injecting 
and transporting layer may be interleaved between the 
light emitting layer and the cathode. 

The cathode may be formed by evaporation or sput- 
tering, the organic layers represented by the light emit- 
ting layer may be formed by vacuum evaporation or the 
like, and the anode may be formed by the aforesaid 
technique. If necessary, these layers can be patterned, 
for instance, by mask evaporation or film formation fol- 
lowed by etching whereby a desired light emitting pat- 
tern is accomplished. If the substrate bears a thin film 
transistor (TFT), the respective layers may be formed in 
accordance with the pattern of TFT to accomplish a dis- 
play or drive pattern immediately. Finally, a protective 
layer is formed over the device using inorganic materials 
such as SiOx and organic materials such as Teflon. 

To achieve effective electron injection, the cathode 
is preferably made up of a material having a low work 
function, for instance, any one of metal elements such 
as K, Li, Na, Mg, La, Ce, Ca, Sr, Ba, Al, Ag, In, Sn, Zn, 
and Zr. To improve the stability of the cathode, it is pref- 
erably made up of a binary or ternary alloy system com- 
prising two or three of the aforesaid metal elements. 
Preferable for such an alloy system, for instance, are 
Ag.Mg (Ag: 1 to 20 at%), Al-Li (Li: 0.1 to 20 at%), In.Mg 
(Mg: 50 to 80 at%), and Al-Ca (Ca: 5 to 20 at%). 

The cathode thin film may have at least a thickness 
large enough to achieve satisfactory electron injection, 
for instance, of at least 50 nm, and preferably at least 
100 nm. While there is no upper limit to film thickness, 
a film thickness of about 100 to 500 nm is usually pre- 
ferred. 

The protective layer may be either transparent or 
opaque. To make the protective layer transparent, it is 
preferable to make a selection from transparent materi- 
als (e.g., Si0 2 , and SIALON), or alternatively perform 
thickness control (in such a manner that at least 80% of 
emitted light can transmit through the protective layer). 
In general, the protective layer may have a thickness of 
about 50 to 1,200 nm. Although no particular limitation 
is placed on how to form the protective layer, that is, the 
protective layer may be formed as by evaporation, it is 



preferable to make use of sputtering which enables the 
protective layer to be formed subsequently to the forma- 
tion of the cathode. 

Here the organic layer provided in the EL device of 

s the present invention is explained. 

The light emitting layer has functions of injecting 
holes and electrons, transporting them, and recombin- 
ing holes and electrons to create excitons. It is prefera- 
ble that relatively electronically neutral compounds are 

io used for the light emitting layer. 

The charge transporting layer, which is sometimes 
referred to as a hole injecting and transporting layer, has 
functions of facilitating injection of holes from the anode, 
transporting holes, and blocking electron transportation. 

is For example, when the compound used in the light 
emitting layer has a relatively low electron injecting and 
transporting function, an electron injecting and trans- 
porting layer having functions of facilitating injection of 
electrons from the cathode, transporting electrons, and 

20 blocking hole transportation may be provided between 
the light emitting layer and the cathode, if necessary, as 
previously described. 

The hole, and electron injecting and transporting 
layers are effective for increasing the number of holes 

25 and electrons injected into the light emitting layer and 
confining holes and electrons therein for optimizing the 
recombination region to improve light emission efficien- 
cy. 

Each of the hole and electron injecting and trans- 
30 porting layers may be constructed in the form of a dou- 
ble-layered structure consisting separately of a layer 
having an injecting function and a layer having a trans- 
porting function. 

The thickness of the light emitting layer, the hole in- 
35 jecting and transporting layer, and the electron injecting 
and transporting layer is not critical to the practice of the 
present invention, and so varies with their particular for- 
mation techniques. However, a thickness of about 5 to 
100 nm, especially about 10 to 100 nm is usually pref- 
40 erable. 

The thickness of the hole injecting and transporting 
layer, and the electron injecting and transporting layer 
is equal to, or ranges from about 1/10 times to about 10 
times, the thickness of the light emitting layer although 

45 it depends on the design of the recombination/light emit- 
ting region. When the electron or hole injecting and 
transporting layer is separated into an injecting layer 
and a transporting layer, it is preferable that the injecting 
layer is at least 1 nm thick and the transporting layer is 

so at least 20 nm thick. The upper limit to thickness is usu- 
ally about 100 nm for the injecting layer and about 100 
nm for the transporting layer. The same film thickness 
applies when two injecting and transporting layers are 
provided. 

55 By controlling the layer thickness while taking into 
account the carrier mobility and carrier density (depend- 
ing on ionization potential and electron affinity) of the 
light emitting layer, the hole injecting and transporting 
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layer, and the electron injecting and transporting layer 
to be combined, the free design of the recombination/ 
light emitting region, the design of emission color, the 
control of the luminance and spectrum of light emission 
by the interference of both the electrodes, and the con- 
trol of the spatial distribution of light emission become 
feasible. 

In the organic EL device according to the present 
invention, the light emitting layer contains a fluorescent 
material that is a compound capable of emitting light. 
The fluorescent material may be selected from metal 
complex dyes such as tris(8-quinolinolato)aluminum as 
disclosed in J P- A 63-264692, for instance. Additionally, 
quinacridone, coumarin, rubrene, and styryldyes, tetra- 
phenylbutadiene, anthracene, perylene, coronene, and 
1 2-phthaloperinone derivatives may be used alone or in 
admixture with the metal complex dye. In the embodi- 
ment wherein the light emitting layer also serves as an 
electron injecting and transporting layer, the use of tris 
(8-quinolinolato)aluminum is preferred. These fluores- 
cent materials may be evaporated or otherwise depos- 
ited. 

For the electron injecting and transporting layer 
which is provided if necessary, there may be used or- 
ganic metal complexes such as tris (8-quinolinolato)alu- 
minum, oxadiazole derivatives, perylene derivatives, 
pyridine derivatives, pyrimidine derivatives, quinoline 
derivatives, quinoxaline derivative, diphenylquinone de- 
rivatives, and nitro-substitutedfluorene derivatives. The 
electron injecting and transporting layer may also serve 
as a light emitting layer as previously mentioned. In this 
case, it is preferable to use tris(8-quinolinolato)alumi- 
num, etc. Like the light emitting layer, the electron in- 
jecting and transporting layer may be formed by evap- 
oration or the like. 

Where the electron injecting and transporting layer 
is a double-layered structure comprising an electron in- 
jecting layer and an electron transporting layer, two or 
more compounds are selected in a proper combination 
from the compounds commonly used for electron inject- 
ing and transporting layers. In this regard, it is preferred 
to laminate layers in such an order that a compound lay- 
er having a greater electron affinity is disposed contig- 
uous to the cathode. This order of lamination also ap- 
plies where a plurality of electron injecting and trans- 
porting layers are provided. 

For the hole injecting and transporting layer, there 
may be used various organic compounds as disclosed 
in JP-A's 63-295695, 2-191694, 3-792, 5-234681, 
5-239455, 5-299174, 7-126225, 7-126226 and 
8-100172 and EP 0650955A1. Examples are tetraaryl- 
benzidine compounds (tetraaryldiamine or tetraphenyl- 
diamtne (TPD)), aromatic tertiary amines, hydrazone 
derivatives, carbozole derivatives, triazole derivatives, 
imidazole derivatives, oxadiazole derivatives having an 
amino group, and polythiophenes. Where these com- 
pounds are used in combination of two or more, they 
may be stacked as separate layers, or otherwise mixed. 



Where the hole injecting and transporting layer is a 
double-layered structure comprising a hole injecting lay- 
er and a hole transporting layer, two or more compounds 
are selected in a proper combination from the com- 

5 pounds commonly used for hole injecting and transport- 
ing layer In this regard, it is preferred to laminate layers 
in such an order that a compound layer having a lower 
ionization potential is disposed contiguous to the anode 
(ITO, etc.). It is also preferred to use a compound having 

io good thin film forming ability at the anode surface. Such 
an order of lamination is effective for lowering drive volt- 
age and preventing the occurrence of current leakage 
and the appearance and growth of dark spots. Since 
evaporation is utilized in the manufacture of devices, 

15 films as thin as about 1 to 10 nm can be formed in a 
uniform and pinhole-free state, which restrains any 
change in color tone of light emission and a drop of ef- 
ficiency by re-absorption even if a compound having a 
low inonization potential and absorption in the visible 

20 range is used in the hole injecting layer. 

Like the light emitting layer and so on, the hole in- 
jecting and transporting layer may be formed by evap- 
orating the aforesaid compounds. 

For the transparent electrode used as the anode in 

25 the practice of the present invention, the type and thick- 
ness of an anode-forming material are preferably deter- 
mined such that at least 80% of emitted light transmits 
therethrough. For example, tin-doped indium oxide 
(ITO), zinc-doped indium oxide (IZO), Sn0 2 , and 

30 polypyrrole doped with a dopant may be used as the 
anode. The anode has preferably a thickness of about 
10 to 500 nm. The drive voltage should preferably be 
low enough to improve the reliability of the device. 
For the substrate material, transparent or translu- 

35 cent materials such as glass, quartz and resins are used 
when emitted light is taken out of the substrate side. The 
substrate may be provided with a color filter film, fluo- 
rescent material-containing color conversion film or di- 
electric reflecting film for controlling the color of light 

40 emission. 

In a preferred light emitting device embodiment, the 
semitransparent electrode or the transparent electrode 
and semitransparent electrode are formed on the sub- 
strate. Then, the light emitting material such as an alu- 

45 minum quinolinol complex and the cathode are stacked 
on the semitransparent electrode. Finally, an Si0 2 film 
or the like is sputtered to form the protective layer. Since 
the anode and anti reflect ion coating film are formed as 
an integral unit and so the number of production steps 

50 and parts is reduced, this organic E L device can be pro- 
vided at low cost. It is here noted that when the semi- 
transparent anode having a limited light transmittance 
is used for the anode, the light emitted from the light 
emitting layer is susceptible to attenuation. Since extra- 

55 neous incident light passes twice through the semitrans- 
parent anode, however, a luminance difference be- 
tween the emitted light and the reflected light is so large 
that contrast improvements are achievable. 
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The organic EL device of the present invention is 
generally of the DC drive type while it may be of the AC 
or pulse drive type. The applied voltage is generally 
about 5 to 20 volts. 

EXAMPLE 

The present invention are explained more specifi- 
cally with reference to some examples, and comparative 
examples. 

Example 1 

Preparation of semitransparent anode 

A semitransparent anode of 100 nm in thickness 
was formed on a glass substrate by DC sputtering. 

The target used was ln 2 0 3 having Sn0 2 (10 mol%) 
and Fe 2 0 3 (5% by weight) incorporated therein, the 
sputtering gas used was Ar, and the gas pressure ap- 
plied was 1 Pa. The temperature and power applied 
were 80°C and 1 W/cm 2 , respectively, with a spacing of 
8 cm between the substrate and the target. The anode 
film was composed mainly of ln 2 0 3 with an Sn0 2 con- 
tent of 1 0 mol% and an Fe content of 5% by weight. The 
anode was found to have a light transmittance of about 
50% at 400 to 700 nm wavelengths. 

Preparation of organic EL device 

The semitransparent anode was ultrasonically 
washed with neutral detergent, acetone, and ethanol, 
and then pulled up from boiling ethanol, followed by dry- 
ing. The semitransparent anode was cleaned on its sur- 
face with U V/0 3 . Subsequently, the anode was fixed to 
a substrate holder in a vacuum evaporation apparatus, 
which was evacuated to a vacuum of 1 x 1 0" 4 Pa or low- 
er. 

With the vacuum kept, N,N'-diphenyl-N,N*-m-toIyl- 
4,4'-diamino-1 l V-biphenyl (TPD) was evaporated on 
the anode at a deposition rate of 0.2 nm/sec. to a thick- 
ness of 55 nm to form a hole injecting and transporting 
layer. 

With the vacuum kept, Alq 3 or tris(8-quinolinolato) 
aluminum was evaporated at a deposition rate of 0.2 
nm/sec. to a thickness of 50 nm to form an electron in- 
jecting/ transporting and light emitting layer. 

Then, the anode was transferred from the vacuum 
evaporation apparatus to a sputtering apparatus where- 
in an Ag«Mg target was used to form a cathode at a rate 
of 10 nm/min. to a thickness of 1 50 nm by means of DC 
sputtering. The sputtering gas, gas pressure, and power 
applied were Ar, 1 Pa, and 100 W, respectively, with a 
spacing of 8 cm between the substrate and the target. 

Finally, Si0 2 was sputtered to a thickness of 200 nm 
to form a protective layer, thereby obtaining an organic 
thin film light emitting device (EL device). 

A DC voltage was applied across the organic thin 



film light emitting device to continuously drive the device 
at a constant current density of 1 0 mA/cm 2 . At the initial, 
the device when driven at 8.5 volts was found to emit 
green light at a luminance of 200 cd/m 2 (light emission 
s maximum wavelength Airiax = 520 nm). The half-life of 
luminance was 500 hours, with a drive voltage increase 
of 1 volt. Neither appearance nor growth of dark spots 
was observed. The device continued stable light emis- 
sion without current leakage during the subsequent op- 
to eration. 

Example 2 

An organic EL device was obtained as in Example 
is 1 with the exception that an oxygen-depletion type semi- 
transparent anode was prepared as the anode, as men- 
tioned just below. 

The target used was ln 2 0 3 having Sn0 2 (10 mol%) 
incorporated therein, the sputtering gases used were Ar 
20 at a flow rate of 50 seem and H 2 at a flow rate of 5 seem, 
the sputtering temperature applied was 1 0O^C, the input 
power applied was 1 W/cm 2 , and the spacing between 
the substrate and the target was 8 cm. The anode film 
was composed of ln 2 0 3 + Sn0 2 (10 mol%), and found 
25 to contain a 7% by weight excess of In-Sn. The anode 
was then found to have a light transmittance of about 
50% at 400 to 700 nm wavelengths. 

Example 3 

30 

In Examples 1 and 2, IZO (containing 35 mol% of 
ZnO) was used in place of ITO. Virtually similar results 
were obtained. 

According to the present invention, an inexpensive 
35 organic EL device with some contrast improvement can 
be achieved without recourse to any special antireflec- 
tion coating film. 

Although some preferred embodiments have been 
described, many modifications and variations may be 
40 made thereto in the light of the above teachings. It is 
therefore to be understood that within the scope of the 
appended claims, the invention may be practiced other- 
wise than as specifically described. 

45 

Claims 

1 . An organic electroluminescent light emitting device 
comprising a transparent substrate, and an anode, 
50 a light emitting layer and a cathode formed thereon 
in the described order, wherein: 

said anode has a light transmittance of 30 to 
70% in a light emitting wavelength range. 

55 2. The organic electroluminescent light emitting de- 
vice of claim 1 , wherein said anode contains an in- 
dium oxide doped with tin and/or zinc, and iron. 
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3. The organic electroluminescent light emitting de- 
vice of claim 1 or claim 2, wherein said anode con- 
tains an indium oxide doped with an oxygen deple- 
tion type tin and/or zinc. 

5 

4. The organic electroluminescent light emitting de- 
vice of claim 1, 2 or 3, which further comprises a 
transparent electrode between said anode and said 
substrate. 
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FIG. 3 
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(54) Organic electroluminescent light emitting device 



(57) An organic EL light emitting device with some 
contrast improvement is provided at low cost yet with no 
provision of an anti reflect ion coating film. The device 
comprises a transparent substrate, and an anode, a light 



emitting layer and a cathode formed thereon in the de- 
scribed order. The anode contains indium oxide doped 
with tin and/or zinc, and iron in such a way as to have a 
light transmittance of 30 to 70% in a light emitting wave- 
length range. 
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